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児肝の他、様々な悪性腫瘍の細胞膜上に発現していることが知られている (Kanai et 
al., 1998; Nakamura et al., 1999; Prasad et al., 1999; Yanagida et al., 2001; 
Chrostowski et al., 2009; Ohno et al., 2009) 。北里大学をはじめとする研究により、
これまでに前立腺癌 (Sakata et al., 2009) 、胃癌 (Ichinoe et al., 2011) 、肺癌、膵
癌(Nakanishi et al., 2006; Kaira et al., 2009a; Imai et al., 2009; Imai et al., 2010; 
Yanagisawa et al., 2012) においてLAT1の発現が独立した予後因子になりうること、
特に前立腺癌と膵癌では、LAT1の発現は悪性度に関係していることが示された 





体系的な検索も十分になされていない (Nawashiro et al., 2006; Kim et al., 2008; 





















microwave処理を15分間行った。Mouse monoclonal 抗LAT1抗体(2µg/ml; 
J-Pharma, Tokyo, Japan)とrabbit polyclonal 抗LAT2抗体(2µg/ml; Trans Genic, 
Kumamoto, Japan)を組織切片上に乗せ4℃下で一晩反応させ、Tris bufferもしくは
PBS bufferで5分間3回の洗浄をした後、peroxidase-labeled polymer (Envision, 
Dako Cytomation, Kyoto, Japan)を30分間反応させた。最後に、3-3’ 
diaminobenzidine (DAB; Dojindo, Matsushiro, Japan)を反応色素に用い、
hematoxylinまたはmethyl-greenで核染色を行った。LAT1とLAT2の正常コントロー
ルとしてそれぞれ正常腎尿細管と膵ラ氏島を用いた。LAT1の内部コントロールとし














2-2-3. 二重蛍光免疫組織化学  
脳、膵、腎について、LAT1とLAT2との二重蛍光免疫染色を行った。LAT1の賦活の
ため、0.01MのpH6クエン酸バッファ内で5分間microwave処理を行い、組織切片を
抗LAT1抗体と4℃下で1晩反応させた後、Alexa Fluor 488F(ab’)2 fragment of goat 
anti-mouse IgG(H+L) ( x1,000 )と室温下で30分反応させた。PBSで洗浄した後、抗
LAT2抗体を乗せ4℃で1晩置き、rhodamine-conjugated goat anti-rabbit IgG (x200 )
と室温で30分反応させた。PBS洗浄の後、切片を蛍光顕微鏡(Olympus BX61 + UCB 



























































(Kirchhoff et al., 2005)、これらの所見は機能的発現として合致する。腎尿細管にお
いては、LAT1およびLAT2はアミノ酸の再吸収に関与していることが報告されており




としての働きを維持する重要な役割を担っていることが示唆される(Boado et al., 
1999; Kageyama et al., 2000; Matsuo et al., 2000; Mann et al., 2003; Tomi et al., 
2005; Makrides et al., 2007; Zhou et al., 2007)。さらに精巣においては血液精巣関門
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を構成するSertoli細胞にLAT1が発現しており(Pelletier and Byers, 1992)、これら血
液関門において神経伝達物質の供給(Boado et al., 1999; Kageyama et al., 2000; 
Matsuo et al., 2000; Tomi et al., 2005)や卵胞形成(Lui et al., 2003; Zhou et al., 





LAT1はproto-oncogeneであるC-Mycとの関与が報告されており(Hayashi et al., 
2012)、様々な悪性腫瘍においてLAT1が強発現していることから、LAT1はoncofetal 
proteinとしての性質を有していると考えられた。 
LAT1の機能的発現には4F2 heavy chain(4F2hc, CD98)を要する。4F2hcは
Northern blot解析によると全身の組織に広範に発現していること(Yanagida et al., 
2001)、LAT1発現と4F2hcには癌組織において密接な関係がある(Kaira et al., 2008)
ため、正常組織での4F2hcの検索は行わなかった。胎盤、腎、精巣でのLAT1の強い
発現とそれらの組織での4F2hcの高レベルの発現はこれまでに報告されている






(Kageyama et al., 2000; Gomes and Soares-da-Silva, 2002; Uchino et al., 2002; 
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Table 1. Clinicopathological information for six autopsy cases and three fetuses.  
  Patient Age Gender Autopsy diagnosis
  Adult 18 years M Acute myeloid leukemia
69 years F Idiopathic interstitial pneumonia
71 years M Mediastinal carcinoid and squamous cell carcinoma
  Child 2 days F Intracranial hemorrhage
1 month M Disseminated intravascular coagulation
1 month M Respiratory distress syndrome
  Fetus 11 weeks M Missed abortion
12 weeks U Missed abortion
20 weeks U Missed abortion
 
M, male; F, female; U, unknown 
In two fetal cases, sex organs were undefinable. 
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Table 2. LAT1 and LAT2 immunoreactive intensity scores for fetuses, children, and adults.  
Adult Child Fetus Adult Child Fetus
  Heart Cardiac muscle 0 0 1−2 1 1 0−1
Alveolar epithelium 0 0 NA 2 1 0−1
Bronchiolar epithelium 0 1 1−2 1−2 1 1
  Esophagus Epithelium 3* 3* 2 (n  = 1)* 2−3* 1−2* 0 (n  = 1)*
Epithelium 2−3† 3† 1−2† 2−3† 2† 0−1†
Fundic gland 1−2† 2† NA 1† 1−2† NA
  Small intestine Epithelium 2† 2−3† 2−3† 1−3† 2−3† 1−3†
  Colon Epithelium 2−3† 2† 1−2† 1−3† 2−3† 1−3†
Hepatocyte 0 0 1−2 1 1−2 0−1
Bile duct epithelium 0 0 0 1 1 0
Extramedullary hematopoiesis NA NA 2−3 NA NA 0−1
  Gallbladder Epithelium 0 0 NA 1−2 1 NA
Exocrine acini 0 0 0 1−2 0−1 1
Islet cell 2−3 2−3 1 (n  = 2) 1−2 1 1−2 (n  = 2)
Anterior lobe 1 NA 1 1 NA 1−2
Posterior lobe 1 NA 1 (n = 1) 1 NA 1 (n = 1)
  Thyroid Follicular epithelium 0 0 NA 1−2 0−1 NA
Cortex 1−2 1−2 0−1 (n = 2) 1−2 1−2 1 (n = 2)
Medulla 0 1−2 2 (n = 1) 1 1 1−2 (n = 1)
  Bone marrow Hematopoietic cell 1 2−3** 2−3** 1−2 1** 1**
  Spleen Lymphocyte 2 2 2−3 0 0 0
Thymic epithelial cell 0 0−1 2 1 1−2 0−1
Lymphocyte 2 1−2 1−2 1 0 0−1
Proximal tubule 0 0 0 (n  = 2) 3 2−3 1−2 (n  = 2)
Distal tubule 3 2 2 (n  = 2) 0−1 1 1 (n  = 2)
Glomerulus 0 0 0 (n  = 2) 0−1 0 0 (n  = 2)
  Urinary bladder Urothelial epithelium 0−1 0−1 NA 1−2 1 NA
Spermatogonia 2 2−3 NA 1−2 1 NA
Spermatid 2 2 NA 1−2 1 NA
Sperm 0 0 NA 0 0 NA
Sertoli cell 2−3 3 3 (n  = 1) 1 1 1 (n  = 1)
Leydig cell 0 0 0 (n  = 1) 0 0 0 (n  = 1)
Epigenital tubule (primitive) NA NA 3 NA NA 1
  Prostate Prostatic gland 0−1 NA NA 1−2 NA NA
  Breast Ductal epithelium 0−1 NA NA 1−2 NA NA
Ovum 0 NA NA 0 NA NA
Theca cell 0 NA NA 1 NA NA
Follicular epithelium 2 NA NA 0−2 NA NA
  Endometrium Epithelium 2−3 NA NA 1−2 NA NA
   proliferative phase Stroma 0 NA NA 1 NA NA
  Endometrium Epithelium 0−1 NA NA 2 NA NA
   secretory phase Stroma 0 NA NA 1 NA NA
  Placenta Syncytiotrophoblast 3 NA NA 1 NA NA
Cytotrophoblast 2 NA NA 1−2 NA NA
Glial cell 0 0 NA 0 0 NA
Neuron 0 0 NA 0 0 NA
Ependymal cell 2−3 0 (n  = 1) 0-1 1−2 1 (n  = 1) 0−1
Primitive neuroectodermal cells NA NA 1 NA NA 0
Brain 3 3 3 1 1−2 0−1
Ovary 2 1 (n  = 1) NA 1 1 (n  = 1) NA
Choroid plexus 0 0 NA 1 1 NA
Retina 2 2 NA 1−2 1 NA
Others 0 0 0 1 1 1
  Skin Epidermis 2−3 NA NA 1 NA NA
Sebaceus gland 2−3 NA NA 1 NA NA





  Adrenal gland
  Thymus
  Kidney







NA, not available. *In esophageal mucosa, both LAT1 and LAT2 were located in the lower 
zone. †In gastric mucosa, small intestine, and colonic mucosa, LAT1 was located in lower 
zones, while LAT2 was found on mucosal surfaces. **In fetus and child cases, the intensity 
score for hematopoietic cells was evaluated in liver as extramedullary hematopoiesis. 
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Figure legends 
Fig. 1. (A) LAT1 staining (a) of adult gastric mucosa, with LAT2 staining (b). Note that 
parietal cells are positive for LAT2 (arrows). (B) Serial sections of an adult esophageal 
mucosa, stained for LAT1 (a; arrow, intensity score 3) and LAT2 (b; arrow, intensity 
score 2). Both LAT1 and LAT2 are clearly positive in the basal layer. Double 
immunohistochemistry stained for LAT1 and Ki-67 (c). Although LAT1 positive cells 
(brown color-cell membrane) are located at the basal layer, Ki-67 positive cells (blue 
nickel color-nucleus) are distributed at the parabasal layer, different from 
LAT1-positive cells. (C) Serial sections of an adult colonic mucosa, stained for LAT1 
(a) and LAT2 (b; arrow, intensity score 1). The cell membrane at the crypt base is 
positive with brown color. Double immunohistochemistry for LAT1 and Ki-67 (c) shows 
that LAT1 positive cells (brown color-cell membrane) and Ki-67 positive cells (blue 
nickel color-nucleus) are clearly separated at the crypt base. Bars: (A) 200μm, (B, C) 
50μm.  
 
Fig. 2. Fetal hepatocytes (arrows) are strongly immunoreactive for LAT1 (a) but 
weakly for LAT2 (b). Cardiac muscle cells of a fetus show weak expression of LAT1 
(c). Thymic epithelial cell of a fetus showed moderate expression of LAT1 (d). 
Seminiferous tubules of a fetus showed strong expression of LAT1 (e). Trophoblasts 
showing strong LAT1 expression (f). Bars: (a, d) 25μm, (b, c, e, f) 50μm.  
 
Fig. 3. LAT1 staining of an adult ovary (a). Note the immunoreactions in the 
endothelium. Ovarian stromal cells are negative for LAT1. An LAT1 stained adult 
brain is shown (b). While the endothelium of small vessels in the subarachnoid space 
is negative (arrowhead), the endothelium of capillaries in the brain parenchyma is 
positive (arrows). LAT1 staining of an adult retina (c). The endothelium of capillaries 
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shows moderate LAT1 expression (arrows), while the endothelium of capillaries in 
choroid does not show LAT1 expression (arrowhead). Spermatogonia, spermatids, 
and Sertoli cells of an adult showing strong LAT1 expression, although Leydig cells 
are negative (d, intensity score 0). Bars: (a, b, d) 100μm, (c) 200μm.  
 
Fig. 4. Double immunofluorescence-stained images showing LAT1 (a, d, g; FITC, 
green) and LAT2 (b, e, h; rhodamine, red) (c, f, i; merged). Brain vessels (arrows) 
strongly express LAT1 and partially co-express both LAT1 and LAT2 (a, b, c). Note 
that LAT1 and LAT2 expression is complementary between the distal and proximal 
tubules (d, e, f). Pancreatic islet cells partially co-express both LAT1 and LAT2 (g, h, i). 
Bars: (a, b, c) 50μm, (d, e, f, g, h, i) 100μm.  
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